Abstract Neutropenia is a rare complication of Diamond-Blackfan syndrome (congenital hypoplastic anaemia). Three patients are reported: all had neutropenia as well as anaemia, and to investigate the cause of the neutropenia culture of bone marrow for granulocytemacrophage colony forming cells (GMCFCs) was performed. Two cases had a low incidence of GMCFCs, but the third case had a high incidence. These findings suggest that myeloid precursors can be abnormal in Diamond-Blackfan syndrome and that the mechanism of neutropenia may, like that of anaemia, vary from patient to patient.
Methods
Granulocyte-macrophage colony forming cells (GMCFCs) were assayed using Iscove 
Discussion
We believe that all three cases have DiamondBlackfan anaemia on the grounds that long term anaemia presented at birth or up to three weeks later. The unusual feature of all three cases is the low neutrophil count. The marrow from our first case, taken when he was neutropenic and anaemic, was hypocellular and when cultured showed a low incidence of granulocyte-macrophage precursors. The fact that his half sister did not have neutropenia suggests that the low neutrophil count was caused by a different mechanism from that of the anaemia, or that a defective gene showed variable penetrance in the two children.
Bone marrow from our second case, taken when she was 6 weeks old, showed both erythroid and myeloid hypoplasia, and although the myeloid component had improved when the marrow was repeated, when she was 12 months old she was still neutropenic and culture of her marrow also showed a reduced incidence of granulocyte-macrophage precursors. Later resolution of neutropenia occurred in this patient which suggests that the myeloid abnormality was not an intrinsic feature of her disease. Both cases 1 and 2 raise the possibility that the neutropenia is an epiphenomenon and is not a genetic feature. The third case, in contrast, showed increased numbers of granulocyte-macrophage colonies at a time when the bone marrow showed virtual absence of myeloid precursors, suggesting that the defect here arose soon after the granulocyte-macrophage progenitor stage.
Our cases do not have the physical or typical haematological and cytogenetic features of Fanconi's anaemia. In both disorders, however, there may be a defect of the myeloid stem cell which can predispose to the development of leukaemia which is known to occur in Fanconi's anaemia and which has also been reported in Diamond-Blackfan anaemia.3 Patients in whom neutropenia is persistent need to be considered separately as they may be at further risk of leukaemic change. A patient reported by Halperin and Freedman developed pancytopenia and marrow culture showed decreased numbers of granulocyte-macrophage precursors.4
The neutropenia may have been due to subclinical virus infection. Virus infections are common in young children. Several viruses are associated with neutropenia, but long term anaemia due to virus infection has been described only in patients who are immunosuppressed.56 If chronic virus infection is associated with neutropenia in DiamondBlackfan anaemia, it seems likely that it could be responsible only for the neutropenia, and not for both the anaemia and neutropenia.
The primary defect in Diamond-Blackfan anaemia is not known. Reduced BFU-E have been reported.56 In adults red cell aplasia is usually immunologically mediated, and it is possible that a similar process occurs in some childhood cases. This would explain the occasional cases of spontaneous remission and the response to corticosteroids. It has been suggested that cellular inhibitors of erythropoiesis have a primary role in the pathogenesis,8 but other studies have suggested that there is either a quantitative deficiency of erythroid stem cells or reduced responsiveness to erythropoietin.9 A recent study proposed that an intrinsic progenitor defect accounted for the failure of erythropoiesis.'0 A defect in the bone marrow microenvironment has also been postulated. " The anaemia, like the acquired red cell aplasia of adults, is probably due to multiple causes.4
For children, these would arise during intrauterine life, some being of genetic origin and others acquired. One or more of these mechan-Schofield, Evans isms may also apply to the myeloid series and may be expressed at different stages of myeloid maturation, resulting in neutropenia which may only be expressed temporarily, as in case 2, and which may be associated with a widely varying incidence of GMCFCs.
We conclude that neutropenia in BlackfanDiamond syndrome is of variable aetiology. In some cases, such as our first two cases with low GMCFCs, it may be due to inadequate granulocyte precursors. In others, such as our third case, the defect may affect maturation. It is not associated with the presence or absence ofother congenital abnormalities, and, like failure of erythropoiesis, may remit spontaneously.
Further studies of myeloid progenitors in patients with and without neutropenia are needed to elucidate the mechanisms involved. The possibility that Diamond-Blackfan syndrome in some patients may be a clonal disorder also requires investigation.
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